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I N T RO D U C T I O N
In Northeast India and its adjacent regions, convergence occurs between three major plates-India, Eurasia and Sunda. The domain between 20
• N-31
• N in latitude and 86
• E-98
• E in longitude ( Fig. 1) thus includes two major mountain ranges-the Eastern Himalayas to the north and the Indo-Burma Ranges to the southeast, in addition to a large intraplate domain of India.
Although there is a general agreement regarding the existence of N-S compression related to plate convergence between India and Eurasia, the variations in the direction of compression and even the type and orientations of seismotectonic stress regimes are poorly known, especially in the Indo-Burma Ranges and in the Assam syntaxis, where the two major mountain belts meet near 28
• N and 96
• E. The inversion of focal mechanisms solutions of earthquakes to determine the seismotectonic stress regimes done in this paper provides a new way to decipher the active tectonics of the area and to evaluate the geodynamic implications, additionally, taking into account the recent kinematic information from geodetic studies.
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The E-W to ENE-WSW trending Eastern Himalaya collision belt north of 27
• N (Fig. 2 ) includes south and southeast of the Tibet Plateau, the south-verging Main Central Thrust (MCT) and Main Boundary Thrust (MBT). The Indian plate is gently dipping to the north beneath the Himalayas (Zhao et al. 1993; Mitra et al. 2005) . Many studies highlighted the role of continental collision (e.g. Le Fort 1975; Molnar & Tapponnier 1975; Tapponnier et al. 1986 ). The present-day compression is approximately N-S, as indicated by focal mechanism solutions and analyses of borehole breakouts (Gowd et al. 1992; Heidbach et al. 2005 Heidbach et al. , 2007 . N-S shortening is revealed by geodetic studies (Bilham & Gaur 2000; Jouanne et al. 2004; Jade et al. 2007 ).
South of 27
• N and east of 93 • E, in the Indo-Burma Ranges and subduction zone (Fig. 2) , the Indian lithosphere is plunging eastwards below the Burmese arc, a fold-and-thrust belt with westverging thrusts (Mukhopadhyay & Dasgupta 1988; Ni et al. 1989; Rai et al. 1996; Das Gupta et al. 2003; Khan 2005) . This belt trends NNW-SSE to the south (the Arakan Yoma belt), N-S east of Bangladesh (the Chin Hills) and NE-SW to the north (the Naga Hills). Within this active tectonic framework (Le Dain et al. 1984) , recent studies highlighted the kinematics of the Indian, Burmese and western Sunda plates (Socquet et al. 2006; Gahalaut & Gahalaut 2007) . Variable amounts of thrusting and right-lateral slip affect the N-S trending structures of the western Burmese arc (Maung 1987; Vigny et al. 2003; Kayal et al. 2004) , suggesting E-W and NE-SW compressions (Verma et al. 1976; Chandra 1984; Gowd et al. 1992; Ravikumar et al. 1996; Heidbach et al. 2005 Heidbach et al. , 2007 . However, the GPS stations revealing the present-day displacement pattern are still few (Jade et al. 2007) , and major uncertainties exist regarding the seismotectonic stress regimes in and beneath the Burmese arc.
Near 28
• E, in the Assam syntaxis zone, the MBT units of the easternmost Himalayas and the Belt of Schuppen and Naga Thrust of the northernmost Burmese arc run parallel with Murthy et al. 1969 and Kayal 1998) . Major thrusts as thick lines with triangles on the upthrust side. Other major faults as simple thick lines. Boundaries of Shillong and Mikir plateaus are presented as dotted lines. Geological names in italic, geographic names in roman characters. Names of main faults and thrusts indicated, with some abbreviations in the western Shillong Plateau (DT, Dapsi Thrust; DuF, Dudhnoi Fault; OF, Oldham Fault; CF, Chedrang Fault; SF, Samin Fault, BS, Barapani Shear Zone) and eastern Mikir Plateau (BL, Bomdila Lineament).
ENE-WSW trends, on both sides of the upper Assam Valley (Fig. 2) . This northeast portion of the Indian plate is bounded by major, all India-verging, thrust zones (MBT-MCT to the north, Lohit-Mishmi thrusts to the northeast, Naga, Disang and Eastern Boundary thrusts to the east, front thrusts of the Arakan Yoma Belt to the southeast). This intraplate domain is deformed in the Shillong Plateau and the Mikir Hills near 25
• N-26
• N and in the Tripura folded belt near 92
• E-93
• E (Figs 1 and 2 ). The converging structures forming a complicated geotectonic system (Curray et al. 1979 (Curray et al. , 1982 Nandy 2001) force the northeastern portion of the India plate to be deformed (Evans 1964; Chen & Molnar 1990; Kayal 1991; Rao & Kumar 1997; Bilham & England 2001) . This region is seismically active (Das Gupta & Nandy 1982; Gupta et al. 1984; Kayal & De Reena 1991; Baruah et al. 1997; Kayal 1998; Rajendran et al. 2004; Bilham 2006; Kayal et al. 2006; Thingbaijam et al. 2008) , with the remarkable exception of the Assam Gap (Khattri et al. 1983) . For 200 yr, the whole region experienced 20 large earthquakes with magnitudes 7 or larger. Two very large earthquakes occurred on 1897 June 12 (M ≥ 8.5; Oldham 1899) and 1950 August 15 (M = 8.7; Poddar 1950; Tillottson 1953) . Various trends of compression have been suggested in this intraplate domain (Gowd et al. 1992; Heidbach et al. 2005 Heidbach et al. , 2007 Baruah et al. 2007 ). However, non-consensus exists regarding the existence of a separate ShillongMikir-Assam Valley block and its possible motion with respect to India.
In this paper, we aim at solving these ambiguities and interpreting the active deformation in Northeast India through systematic determination of seismotectonic stress based on inversion of earthquake Q4 focal mechanism solutions. We show that despite the large extent and structural complexity of the studied region, it is possible to reconstruct consistent seismotectonic stress states, which are multiple in space and time. A reliable stress determination requires preliminary delineation of major structural domains and subregions, as well as consideration of depth where subduction occurs. We thus intend to clarify the geodynamic interaction between plates, especially regarding (1) the extent and azimuthal variations of N-S compression related to India-Eurasia convergence and (2) the geodynamic significance of seismotectonic mechanisms related to the subduction of Indian plate beneath Burmese arc, and their relation to kinematics. We finally intend to better characterise intraplate deformation in Northeast India.
T E C T O N I C S E T T I N G S
As converging plate boundary zones, the most deformed domains
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of the studied region are the Eastern Himalayas to the north and the Indo-Burma Ranges to the southeast. These two major mountain belts merge in the upper Assam Valley, forming the Assam Syntaxis. Between these two boundaries, a portion of the Indian Plate includes the Assam Valley and the Shillong and Mikir Plateaus (Fig. 2) . Most of the Bangladesh area is occupied by the large Bengal Basin, with two main structural units separated by a Hinge Zone that trends NE-SW from Calcutta toward the Naga Hills in Assam. Whereas to the northwest, a platform environment prevails in the Indian craton, to the southeast, the basement of the Indian plate gently dips towards the Bay of Bengal and the thickness of post-Mesozoic sediments increases, forming the Bengal foredeep at the western front of the Indo-Burma Ranges as a northern termination of the Arakan Trench.
Eastern Himalayas
The Himalaya is the largest orogenic belt of the world, where a continental crust underthrusts another continental crust (Zhao et al. 1993; Nandy 2001) . The entire Himalayan arc evolved as a consequence of collision of the Asian and Indian continents about 50 Ma (Gansser 1964; McKenzie & Sclater 1971; Molnar & Tapponnier 1975; Mitchell 1981; Curray et al. 1982; Tapponnier et al. 1982 Tapponnier et al. , 1986 . In the broad sense, the Arunachal Himalaya occupies the easternmost segment of the Himalaya between longitudes 91
• 30 E and 96
• E and includes the eastern Himalayan syntaxis. The MCT and MBT are the two major tectonic features in Eastern Himalaya (Fig. 2) . The MCT is a major intracontinental ductile shear zone with an associated inverted metamorphic zone, which appears to have developed since mid-Tertiary time and also shows minor recent movements (Valdiya 1980) . The MCT separates two geologically distinct zones-the Lesser Himalaya to the south and the Higher Himalayan Crystallines to the north. The main discontinuity between the sub-Himalayan and lesser Himalaya zones is the MBT, presently marked by intense seismicity and disastrous earthquakes. This major thrust zone developed since the Pliocene time and was active during the Pleistocene (Mathur & Evans 1964; Le Fort 1975; Valdiya 1980) . West of the studied area, the subHimalayan zone shows a typical tectonic wedge of synorogenic sediments, incorporated into the prism of the foreland Indian basin along the front of the Himalayan belt (Husson et al. 2004) .
Present-day slip occurs through large magnitude earthquakes along the gently north-dipping detachment zone of the MBT, with the front thrust as the lowest emergent ramp. Whereas satellite geodesy studies since 1995 indicated rates of N-S convergence in the range 10-15 mm yr -1 between the Indian craton and Himalayas, in western Nepal, a major seismic gap along this zone suggests locking rather than aseismic slip (Jouanne et al. 2004 ). In the easternmost Himalayas, the Assam syntaxis zone, where the Himalayan arc and the Burmese arc meet the Mishmi block, is an important tectonic domain with NW-SE thrust trends, such as for the Lohit and Mishmi thrusts (Fig. 2) . This zone was the source area of the 1950 great earthquake (Poddar 1950) .
Indo-Burman orogen
The other major mountain belt of the studied area is the Indo-Burman orogen, including Indo-Burma Ranges and Central Myanmar Basins (Fig. 2) . Active faults are numerous in the Burma region (Le Dain et al. 1984) . Convergence and subduction of the Indian plate occur along the Indo-Burma arc (Mitchell & Mckerrow 1975; Mitchell 1981) . A slab of the Indian plate dips eastwards below the Burmese arc (Das & Filson 1975; Mukhopadhyay & Das Gupta 1988; Rai et al. 1996; Ravikumar et al. 1996; Satyabala 1998 ). Near 24
• N-25
• N, Khan (2005) reconstructed a dip of 24
• -26
• of the Wadati-Benioff surface across the Indo-Burma Ranges.
The subduction of the Indian lithosphere beneath Burma was regarded active (Verma et al. 1976; Chandra 1984 , Mukhopadhyay & Dasgupta 1988 Satyabala 1998; Dasgupta et al. 2003) , slow (Le Dain et al. 1984; Ni et al. 1989; Chen & Molnar 1990) or inactive (Rao & Kumar 1999) . Based on 11 yr of GPS geodetic surveys, Socquet et al. (2006) determined the present-day rotation of the Sunda plate, revealing at the latitude of Myanmar a velocity of 35 mm yr -1 in the N10
• E direction for India with respect to Sunda. These authors also showed that near 22
• N the motion of India relative to Sunda is distributed across several major boundaries or deformation zones, including from east to west 18 mm yr -1 (toward N) along the Sagaing Fault, 9 mm yr -1 (toward NE) in Myanmar Central Basins and 14 mm yr -1 (also toward NE) absorbed across the western Indo-Burma Ranges and the Tripura belt. This velocity distribution is consistent with earlier interpretations in terms of decoupling and dextral transpression between the Indo-Burma Ranges and the underlying Indian plate (Maung 1987 , Kayal et al. 2004 .
The Indo-Burma Ranges are believed to have developed during the Oligocene time as a result of an eastward subduction (Brunnschweiler 1966) . The major units in these ranges are composed of thick turbiditic sequences of Cretaceous to Upper Eocene age. From north to south, the structural trends change from NE-SW in the Naga Hills to N-S and even NNW-SSE along the ArakanYoma and Chin Hills (Fig. 2) . East of the Eastern Boundary Thrust, a 200 km wide and 1400 km long Palaeogene and Neogene sedimentary basin is present in Central Myanmar. This basin is bounded by the major, N-S trending right-lateral Sagaing Fault to the east. At the front of the Indo-Burma Ranges, the eastern Tripura (or Tripura-Chittacong) fold system is a typical fold-and-thrust belt with west-verging thrusts as a result of the eastward subduction of the Indian Plate. Toward the west across the Tripura belt, where fanshaped series of folds have clear morphological expression (Fig. 1) , large belt-parallel folds and thrusts decrease in number toward the non-deformed foreland of the Bengal Basin.
Assam valley
The Assam Valley is an ENE-WSW trending, relatively narrow valley, bounded by two mobile young mountain belts to the north and southeast. The distance between the Himalayan Front (MBT) and the front of the Indo-Burma Ranges (Naga Thrust) is 100-110 km in the upper Assam Valley between 94
• E and 96
• E (Fig. 1) . To the northeast, this zone is bounded by the SW-verging thrusts of the Mishmi block. To the west, between 90
• E and 94
• E, the Assam Valley Region is limited on the southern side by the Shillong and Mikir plateaus. The Brahmaputra River flows westwards along the Brahmaputra lineament, from Upper Assam to the Dhubri Fault, along which it flows to the south (Nandy & Das Gupta 1986) .
The Archaean crystalline basement is overlain by Tertiary and Recent sediments, about 5 km thick in Upper Assam and thinning out downstream toward the Mikir Hills (Nandy 2001) . The NNW-SSE Kopili Fault (Das Gupta & Nandy 1982 ) is a transverse fault zone crossing the Assam Valley between the Shillong and Mikir plateaus, from the MBT on the Himalayan side to the Belt of Schuppen on the Indo-Burman side (Fig. 2) . The Belt of Schuppen has been defined by Mathur & Evans (1964) as a narrow linear belt of imbricate thrust slices, closely linked with the shortening and uplift of the Indo-Burma belt. In Lower Assam, the N-S Dhubri Fault bounds the Shillong Plateau to the west. The valley is covered with thick alluvium with few inselbergs of basement rocks (Nandy 2001) . Almost flat-lying Tertiary shelf sediments overlie the basement with increasing thickness toward the Himalaya.
The entire Assam Valley shows low-level seismicity compared with other regions of Northeast India. The upper Assam Valley from 92
• E to 96
• E, between the Kopili Fault and the Mishmi Thrust ( Fig. 2) , is almost free from seismic activity. This region was named 'Assam Gap' by Khattri et al. (1983) .
Shillong-Mikir Plateaus
The Shillong Plateau in Northeast India (Fig. 1) is a part of the Indian Plate that was uplifted during the Latest Cenozoic (Rao & Kumar 1997) . The Shillong Plateau and Mikir Hills consist of crystalline rocks partly covered by gently dipping Tertiary and younger sediments (Evans 1964; Kayal 1991) . According to Evans (1964) , this massif has been separated from the peninsular shield and moved to the east along the Dauki Fault. This E-W trending Dauki Fault (Murthy et al. 1969) separates the Shillong Plateau to the north and the Bengal Basin to the south. Regardless of the possible lateral component, the recent Dauki Fault is reverse and affects the PlioPleistocene piedmont sediments. To the north, along the Brahmaputra River valley, the main E-W trending northern boundary of the Shillong Plateau is the Brahmaputra Fault (Das Gupta & Nandy 1992) . The graben structure of the NW-SE trending Kopili linea-Q6 ment separates the Shillong Plateau and its submassif, the Mikir Plateau (Nandy 2001) . Two major thrust faults are present inside the Shillong Plateau, namely the Dapsi Thrust and the Barapani Shear Zone (Kayal 1991) . The most important structures in this region are the E-W trending Brahmaputra and Dauki faults that bound the Shillong Plateau to the north and south, respectively, as well as a variety of N-S to NW-SE trending transverse faults (Fig. 2 ). All these structures developed between the nearly E-W trending MBT and the NE-SW trending Naga Thrust on the Himalayan and Indo-Burman sides, respectively.
The seismotectonic activity of the area was highlighted by the Great Assam earthquake in 1897. The maximum intensity affected the Chedrang Valley area (Oldham 1899) . Uplift took place east of the Chedrang Fault, resulting in the formation of a lake on the west side. Oldham (1899) observed 11 m of coseismic offset. A south-dipping hidden fault at the northern boundary of the Shillong Plateau, parallel to the E-W segment of the Brahmaputra River, was proposed as the Oldham Fault (Bilham & England 2001) . The focal mechanism solution of a close earthquake suggested thrust faulting with a significant component of strike-slip motion (Baruah et al. 2007) . The location of the 110 km long, south-dipping Oldham Fault responsible for the 1897, M w = 8.1 earthquake rupture beneath the Shillong Plateau still remains a matter of controversy (Rajendran et al. 2004; Bilham 2006 ). The presence of major reverse faults on both sides of the Shillong Plateau supports the interpretation in terms of a giant pop-up structure (Bilham & England 2001) , with asymmetry indicated by the stronger morphological expression of the Dauki Fault compared with the northern bounding faults. Although the pop-up structure can be explained by N-S compression solely, a dextral component of strike-slip is probably present, according to some focal mechanism solutions suggesting NW-SE compression in and around the Chedrang Valley (Baruah et al. 2007) . Baruah et al. (1997) studied the seismicity of this region and part of Eastern Himalaya, based on high quality seismic data recorded by the local stations in [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] . The seismic activity is notably high in the depth zone of 10-20 km below the Shillong plateau and the depth zone of 20-30 km below the Mikir Hills. Although the deepest events differ, strike-slip and thrust solutions prevail in the shallow crust down to 40 km depth, with a dominating trend of P-axes suggesting NNW-directed compression. Based on longbaseline geodetic GPS data from -2003 , Jade et al. (2007 showed that within the framework of N-S convergence between Eurasia and India (16 mm yr -1 ), the present-day deformation is statistically insignificant within the Shillong Plateau and the adjacent Brahmaputra valley and foreland basin to the north. The levels of seismic activity are high in Northeast India and adjacent regions (e.g. Thingbaijam et al. 2008) . In this section, we first present the source and acquisition techniques of our seismological data. We then discuss their main properties in terms of time, location, depth, magnitude and type. Finally, we define nine subzones as a function of geological structure.
Regional seismic network and waveform inversion
We analysed the earthquakes recorded by the regional seismic networks (RRL-J and NGRI-H), as summarized in the Annual Seismological Bulletin (1982 Bulletin ( -2006 . The precision of hypocenter determination depends not only on the distribution of the recording stations but also on velocity structure between source and station, particularly in area where lateral heterogeneities are extreme (Okada et al. 1970) . The epicentres were determined using the HYPOCENTER location program of Lienert et al. (1986) based on the crustal velocity model of Gupta et al. (1984) . In our database, most uncertainties involved in the estimates of epicentres and origin times are of the order 0-2 km and 0-0.5 s, respectively. The uncertainties involved in the estimates of focal depths are 0-1 km for 85 per cent and 1-2 km for 15 per cent of the total number of earthquakes located. The depth control is thus reasonably good. To maintain magnitude homogeneity of the data throughout the region, we did not consider in our stress inversions the microearthquake activity analysed by other authors (Kayal & De Reena 1991; Kayal 2001) .
In addition to the RRL-J/NGRI-H network data, arrival times reported by the seismic stations maintained by the India Meteorological Department (IMD) at Shillong (SHL), Gauhati University (GAU), Manipur University (MAN) and Mizoram University (AZL) were also used. These stations provided better azimuthal control for determination of hypocentral parameters. Some of these digital seismic stations are equipped with broad-band seismometers, and the waveforms obtained from these stations were also used in this study. GPS time synchronization was maintained with the records. The stations are operated both in continuous and event-trigger mode and recorded at a rate of 100 samples s -1 . The recorded seismograms are corrected using an instrument response based on the electrodynamic constant, critical damping, natural frequency of seismometer and bit weight of unit gain of each recording unit for all stations. The events are selected so that these are recorded locally by at least four stations in the considered tectonic 'block', supplemented by at least two more stations in the neighbouring block.
The computation of Green's function is a primary approach for generation of synthetic waveform. Green's functions are calculated using the discrete wavenumber (DW) method (Bouchon 1981 and program AXITRA by Coutant 1989) points provided the time increment of the synthetic seismogram of dt = 0.01 s. Synthetic amplitude spectra were calculated for the trial values of the scalar moment, strike, dip and rake. The inversion (preferably not below 0.1 Hz) was carried out for a frequency band free of noise (0.2-1.0 Hz and higher signal-to-noise ratio) and completely below corner frequency (ie. 4 Hz). The moment tensor and the Green's tensor were multiplied in complex spectral domain. A correction was applied to compensate the artificial attenuation employed in the DW method, as a regularization and anti-alias operation.
A fine grid search of the strike, dip and rake was performed for the best depth and moment. Then the ray-theoretical first motion polarities were calculated for all strike, dip, rake triplets of the fine grid search and compared with the observed polarities. The misfit function of the amplitude spectrum was considered. A fault plane solution is the final solution when all the observed polarities satisfy the solution with smallest amplitude misfit. Despite differences in misfits of amplitude spectra, the agreements in the time domain were comparable with prime phases, their relative amplitudes and wave group durations. The final validation of the best fitting solutions was accomplished by comparing the observed and synthetic amplitude spectra.
Although most of the focal mechanism solutions used in this study came from the networks described above (Mitra et al. 2005 , Kayal et. al. 2006 , the data from the worldwide CGMT system (as developed in Harvard following Dziewonski et al. 1981 and Woodhouse 1983) were taken into additional account. 
Focal mechanism solutions of earthquakes: the data
The total data set, including the data recorded by local networks and the additional CGMT data, contains 285 focal mechanism solutions of earthquakes. The corresponding epicentres are located inside a quadrangle from 20
• N to 31
• N to 98
• N in longitude, representing a total area of nearly 1.5 × 10 6 km 2 . Fig. 3 summarises the distribution of the earthquake data as a function of magnitude (Fig. 3a) , time ( Fig. 3b) and depth (Fig. 3c) .
The recorded magnitudes range from 1.5 to 8.7, with an average magnitude of 5. Less than 4 per cent of the data (11 earthquakes) have magnitudes smaller than 3.5. Low magnitudes are very few (Fig. 3a) because of the relatively low density of the local networks, not to mention the worldwide CGMT records. About 95 per cent of the data (270 earthquakes) have magnitudes from 3.5 to 6.5. The most common magnitude is 5-6 (173 earthquakes, more than half of the data set).
These earthquakes occurred from mid-1950 to mid-2007 (57 yr). The time distributions of Fig. 3 Note: Compression and extension refer to the same data set but are derived in a different way (steepest plunging axes P and T respectively, as explained in text). For each subset, average magnitude and depth (in km) are indicated.
large 1950 earthquake) but most are absent (e.g. the 1897 large earthquake) because good focal mechanisms solutions were not available. 91 earthquakes (32 per cent of the data) were recorded between mid-1990 and mid-1993, indicating higher tectonic activity. Most events (66 per cent of the data, i.e. 188 earthquakes) occurred at crustal depths between 8 and 48 km (Fig. 3c ). For 90 per cent of the data, depths are shallower than 100 km. The average depth is 46 km. Earthquakes deeper than 90 km occur only beneath the Indo-Burma Ranges. Adopting a thickness of 50 km for the domain where data are abundant, a crustal volume of about 75 × 10 6 km 3 is illuminated by more than two-thirds of the 285 focal mechanisms analysed herein.
We distinguished predominantly reverse, strike-slip and normal types ( Table 1 ). The simplest way to separate these three types involves consideration of the steepest plunging axis (P for normal, T for reverse and B for strike-slip). The B-axis of a double couple mechanism is the intersection of the nodal planes, whereas the P-and T-axes, respectively, bisect the pressure and tension right dihedra formed by these planes. The strike-slip and reverse-type mechanisms represent 41 and 37 per cent, respectively, whereas the normal-type subset is minor (22 per cent). We also distinguished 'compressive' and 'extensional' types. A P-axis steeper than the T-axis indicates predominating extension, whereas a T-axis steeper than the P-axis indicates predominating compression. This geometrical distinction only affects the predominantly strike-slip subset, split into compressive and extensional components. Thus, only 36 per cent of the total set is extensional in type, whereas 64 per cent of the earthquakes are compressive. The difference in average magnitude between all these subsets is not significant, but the average depth is larger by about 10 km for reverse-type earthquakes compared with strike-slip and normal types (Table 1) .
Definition of subzones
The map of Fig. 4 shows the distribution of focal mechanism solutions as a 'beachball', with compressive quadrants left white and extensional quadrants black in equal-area stereoplots. Fig. 4 also shows the boundaries of the nine subzones analysed in the following sections. These subzones have been determined as a function of both the seismic activity distribution and the major structural units of the region (Fig. 2) . To the north, the three subzones of Bhutan Himalaya (1), Arunachal Himalaya (2) and Mishmi Thrust (3) belong to the Eastern Himalaya. To the southeast, the three subzones of S and E Indo-Burma regions (7 and 8, respectively) and Sagaing Fault Region (9) belong to the Indo-Burma Ranges. Between these two main mountainous domains, the intraplate domain of Northeast India has been subdivided in three subzones: Tripura Belt (4); Shillong Plateau (5) and Assam Valley (6), from southwest to northeast.
As a comparison between Figs 2 and 4 shows, the boundaries between these subzones differ in nature. Primary boundaries separate the major structural domains (Table 2: A, Himalayas; B, Northeast India and C, Indo-Burma Ranges). Secondary boundaries separate segments with different orientations within a belt (lines 1-2 for Himalayas and 7-8 for Indo-Burma Ranges) or different structural domains (line 2-3 between Himalaya and Mishmi Block), inner and outer zones in the Burmese orogen (lines 7-9 and 8-9) and different domains of the Indian Plate (lines 4-5 between the Bengal Basin-Tripura Belt and the Shillong Plateau, 5-6 coinciding with the Kopili lineament across the Assam Valley).
The dips of major boundaries have been taken into account where appropriate, especially near the major front thrust zones of the Himalaya and Indo-Burma Ranges. The main properties of these subzones are summarized in Table 2 in terms of regional names, numbers, depths and magnitudes of earthquakes, as well as types of nodal planes.
C O M PAT I B I L I T Y B E T W E E N E A RT H Q UA K E M E C H A N I S M S I N N E I N D I A : P R E L I M I N A RY A N A LY S E S
Prior to accurate stress determinations inside the subzones defined above, it is appropriate to determine whether or not a limited number of stress states may account for the focal mechanism solutions of earthquakes observed in the whole studied area.
Insights from distributions of B, P and T axes
A simple-albeit mechanically questionable-account of the distribution of earthquake mechanisms in the area of Fig. 4 is provided through geometrical consideration of the attitudes of the individual axes of double couple focal mechanism solutions of earthquakes. This analysis has been done in the descending Indian plate and the overriding Burma plate (Khan 2005) . The P-and T-axes have no rigorous mechanical significance; considering that they, respectively, reveal the axes of maximum and minimum stress would require unrealistic assumptions of perfectly homogeneous, isotropic and elastic crust. However, considering P-and T-axes paves the way for a geometrical and mechanical classification of solutions.
In Fig. 5 , rose diagrams summarise the distributions of trends and plunges of the B-axes (describing the intersection of nodal planes) and the P-and T-axes (that, respectively, bisect the pressure and tension right dihedra formed by the nodal planes). B-axes 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 Figure 4. Map distribution of epicentres of the 285 earthquakes considered in this study. All earthquakes shown with the conventional illustration as 'beachball' (Schmidt's, equal area stereoplot, lower hemisphere, with extensional quadrants black and compressive quadrants left white). Subzones analysed in this paper numbered 1-9, with boundaries as thick lines. Bhutan Himalaya (subzone 1), Arunachal Himalaya (subzone 2) and Mishmi Thrust (subzone 3) belong to Eastern Himalaya. Tripura Belt (subzone 4), Shillong Plateau (subzone 4) and Assam Valley (subzone 6) belong to Northeast India. Southern Indo-Burma region (subzone 7), eastern Indo-Burma region 8 (subzone 8) and Sagaing Fault region (subzone 3) belong to Indo-Burma Ranges (see also Table 2 ). Note: Main zones: A, Eastern Himalaya; B, Northeast India; C, Indo-Burma Ranges. Subzones with names indicated, numbered 1-9. Number: number of focal mechanism solutions (S-Z, subzones; Z, main zones). Depths (in km) and magnitudes indicated as smallest (min), largest (max) and average (ave) values. Type of focal mechanism solution indicated as normal (N), reverse (R) or strike-slip (SS), with corresponding numbers of nodal planes. As each solution includes two nodal planes, the last three columns together contain twice the number of events.
show scattered trends and a variety of plunges, from horizontal to vertical (Fig. 5a ). This large dispersion results from the association of strike-slip, reverse and normal focal mechanism solutions. Because strike-slip focal mechanism solutions are abundant, many plunges of B-axes are steep, which results in increased dispersion of their trends. In contrast, the P-axes reveal typical concentration around shallow, often nearly horizontal, plunges and N-S trends (Fig. 5b) . Such a distribution suggests that many E-W trending dip-1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 Seismotectonics in Northeast India 9 slip reverse faults, NW-SE (right-lateral) and NE-SW (left-lateral) strike-slip faults may be present, which is consistent with structural observations in the area (Fig. 2) . Small but significant subsets of NNW-SSE, NNE-SSW and even E-W trends of P-axes are also present. The rose diagram of trends reveals high concentration of T-axes around E-W (Fig. 5c) , which considering the dominating N-S trend of P-axes suggests that strike-slip faults with NW-SE and NE-SW strikes (right-lateral and left-lateral in sense, respectively) play a large role. However, many steeply plunging T-axes are present, consistent with reverse faulting.
P and T dihedra analysis of the entire data set
A more rigorous approach of stress indicated by the focal mechanism solutions of Fig. 4 is possible, using the right dihedra (or P and T dihedra) method. This method consists of mapping the probability distribution of pressure and tension on the sphere (Angelier & Mechler 1977) . It is applicable to double couple focal mechanism solutions of earthquakes and does not require any choice between the nodal planes. The principle is simple: if all shears independently Figure 6 . Stereoplots showing the density distribution of pressure and tension on the sphere for the 285 earthquakes considered in this study, according to the method described by Angelier & Mechler (1977) . Schmidt's, equalarea projection, lower hemisphere. Bright white indicates 100 per cent pressure, gradually darker levels of grey indicate increasing proportion of tension relative to pressure, and black indicates 100 per cent tension. Preferred axes of maximum pressure (5-branch star) and maximum tension (3-branch star), as well as intermediate, perpendicular axis (4-branch star), are added. These axes reflect statistically determined extrema, not optimum principal stress axes σ 1 , σ 3 and σ 2 (maximum compressive stress, minimum stress and intermediate principal stress, respectively). Large arrows show the inferred trends of compression (convergent pairs of arrows) and extension (divergent ones). occur as function of a single stress state, the principal stress axis σ 1 (maximum compressive stress) belongs to the solid angle common to all pressure dihedra, whereas the principal stress axis σ 3 (minimum stress) is in the solid angle common to all tension dihedra. As natural dispersion, stress heterogeneity and fault interactions occur, not to mention measurement uncertainties, the method is used in terms of proportions, from -1 (100 per cent pressure) to 1 (100 per cent tension). This analysis allows easy 3-D visual evaluation of consistency between double couple mechanisms (Fig. 6 ). Fig. 6 shows the application of this method to the 285 earthquake mechanisms. For each direction in space, the proportion of pressure and tension is graphically illustrated by a level of grey, ranging from bright white (100 per cent pressure) to black (100 per cent tension). With the entire data set, a low-contrast diagram is obtained (Fig. 6a ), which indicates a low level of mechanical compatibility (51 per cent for pressure and 40 per cent for tension, Table 3 ). Thus, a single state of stress cannot account for the whole set of focal mechanism solutions. The trend of the preferred axis for pressure (Fig. 6a) is close to N-S, similar to the peak trend of P-axes (Fig. 5) . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 10 J. Angelier and S. Baruah Table 3 . Results of the right dihedra method for the total data set (285 earthquakes) and the compressive and extensional subsets (as defined in text). Note: Maximum P and T ratios refer to the largest proportion of pressure and tension dihedral, respectively. The corresponding axes are the barycentres of the maximum compatibility domains on the sphere and should not be regarded as optimum stress axes (orientation given as trend and plunge in degrees). The estimated ratio results from raw evaluation of the 3-D distribution pattern of P and T dihedra. is the ratio between principal stress differences = (σ 2 -σ 3 )/(σ 1 -σ 3 ). The value of ranges from 0 to 1. Detailed explanation of the method in Angelier and Mechler (1977) .
P and T dihedra analysis: definition of subsets
The same analysis was applied to the compression and extension subsets defined in Table 1 . In the compressive subset (Fig. 6b) , the maximum compatibility, 100 per cent, is obtained for tension (near the centre of the stereoplot), whereas for pressure there is no compatibility higher than 67 per cent. In the extensional subset (Fig. 6c) , pressure compatibility reaches 100 per cent (also near the vertical), but the best tension compatibility is only 77 per cent. Thus, despite apparent consistency, the stress regimes cannot be regarded as homogeneous, even in the first approximation, a conclusion that could be expected considering the size and complexity of the studied area (Figs 2 and 4). However, within the range of uncertainties, all diagrams of Fig. 6 suggest the same trend of maximum horizontal compressive stress. The difference between the right dihedra distributions of Figs 6(b) and (c) can be regarded as a circular permutation between preferred principal axes; within non-significant angular variations of few degrees, axes σ 1 , σ 2 and σ 3 in Fig. 6(b) , respectively, become σ 2 , σ 3 and σ 1 in Fig. 6(b) . A more detailed approach requires consideration of the spatial distribution of earthquakes ( Fig. 7 and Table 4 ).
In the Eastern Himalaya domain, the N-S compression associated with E-W extension prevails. This compression is nearly perpendicular to the E-W trending belt front (Bhutan Himalaya, subzone 1). The Arunachal Himalaya (subzone 2), where the belt front trends ENE-WSW, shows counter-clockwise deviation of compression, approximately perpendicular to the major thrusts. The Indo-Burma Ranges show quite different trends of compression: NE-SW on average, which remain constant despite the major clockwise change that affects the structural grain trend to the north (Fig. 2) . The Northeast India intraplate domain shows intermediate orientations, with a NNE-SSW trend of compression to the southwest (Tripura Belt, subzone 4) and a gradual change to NNW-SSE toward the northeast (Assam Valley, subzone 6). The compression beneath the Shillong Plateau (subzone 5) resembles in trend that of the Bhutan Himalaya.
The right dihedra analyses of subsets selected according to faulting type (Fig. 6 and Table 3 ) and location ( Fig. 7 and Table 4) differ. In the first case, at least one percentage of 100 per cent is reached despite large subset size and data dispersion (Table 3) , which suggests overall mechanical consistency. For spatially defined subsets, no percentage is higher than 91 per cent and values as low as 60 per cent are common (Table 4) , despite the smaller size of these subsets. Thus, not only is the homogeneity of the whole data set severely affected by regional contrasts, but also each zone contains incompatible mechanisms. For this reason, the determination of stress in the studied area requires consideration of both the differences in mechanisms according to faulting modes and the regional changes that depend on the distribution of major seismotectonic units.
Despite encouraging results (Fig. 7) , the right dihedra method provides quantification of mechanical consistency levels, not the determination of stress regimes done in the next section.
S T R E S S I N V E R S I O N O F E A RT H Q UA K E M E C H A N I S M S : AV E R A G E S E I S M O T E C T O N I C R E G I M E S
The average seismotectonic regimes that prevail in the same subzones as in Figs 3 and 7 are accurately determined using the inversion of double couple focal mechanism solutions of earthquakes to determine best-fitting stress tensors.
The inverse method
One cannot reasonably expect stress to be unique within a time span of 57 yr and volumes of millions of cubic kilometres, as it would be at a single point in space and time. The stress in the lithosphere is subject to large changes that depend on a variety of phenomena (in space: irregular distribution of boundary and volume forces, mechanical discontinuities and anisotropies, variable thermal status, etc.; in time: elastic rebound, creep and variable mechanical coupling along faults, fluid migration, etc.). Even within structurally defined subsets (Figs 4 and 7) , stress heterogeneity was expected and effectively observed in such large volumes and time span. Inversion with separation into mechanically homogeneous subsets is discussed in Section 5.
Our stress determinations are all based on a single analytical inversion described by Angelier (2002) in a methodological paper that also contained general information about the principles and related references. This inverse method, as all other stress inversions, derives from both the general principle of stress-slip relationships first presented by Wallace (1951) and re-formulated by Bott (1959) and the first formulation and resolution of the inverse problem by Carey & Brunier (1974) . The inversion reveals the stress state that best accounts for a set of double couple focal mechanism solutions of earthquakes. For a mechanically homogeneous subset, one obtains optimum stress axes σ 1 , σ 2 and σ 3 and the ratio of principal stress differences, = (σ 2 -σ 3 )/(σ 1 -σ 3 ), as well as related average and individual uncertainties. The number of unknowns of the reduced stress tensor is four for many focal mechanism solutions, so that the inverse problem is overdetermined (e.g. Angelier 1984 Angelier , 1989 ). Therefore, not only does the inversion reveal the stress state, it also allows accurate evaluation of consistency levels.
The inverse method adopted resembles the direct inversion method described for fault slips (Angelier 1990 ), but the physical criteria and the derivations differ. It does not require any choice between the nodal planes (Angelier 2002 Table 4 . Results of the right dihedra method for spatially defined subsets (as indicated in Fig. 4 and Table 2 ). Same caption as for numerical aspects to a minimum so that runtime is short and the inversion can be encapsulated in a variety of processes to refine the data or separate stress states. The inversion involves maximization of the slip shear stress component (SSSC), the component of stress acting in the slip direction of a fault. A double couple focal mechanism solution of earthquake includes two possible, mutually exclusive, fault slips. If the focal mechanism and the stress tensor are perfectly consistent, the SSSC value is unique regardless of the nodal plane acting as the fault. This mechanical property explains why the SSSC-based inversion avoids the undesirable effects of the intrinsic ambiguity between nodal planes in double couple focal mechanism solutions. This choice can be done after the inversion but is not discussed hereafter to preclude artificial improvement in fit levels. To perform inversion, ω, the SSSC divided by the maximum shear stress τ max , is made maximum. The SSSC is the product of the shear stress, τ , by the cosine of the shear-slip angle, α. Maximizing ω aims at obtaining shear stress as large as possible (ideally, τ = τ max ) and parallel to slip with the same sense (ideally, α = 0). The inversion thus provides the smallest slip-shear angles and the largest possible shear stresses that can simultaneously exist for all the data. The value of ω ranges from -100 (total misfit, τ = τ max in the direction opposite to slip) to +100 per cent (perfect fit, τ = τ max in the direction of slip). A zero value indicates null shear stress or shear stress τ perpendicular to slip, as the limit between consistent and inconsistent senses of motion. The minimum angle condition for α aims at obtaining directions as close as possible for theoretical and actual slips. For sets of nodal planes with a variety of orientations and significant number of data, the most important constraint results from the minimum angle condition.
In the inversion process, the normalized sum of SSSC values is maximized as a function of three unknowns that control the orientation of the stress tensor and the ratio of principal stress differences. To evaluate the significance of stress determinations, we adopted a refining process with repeated inversions and increasing individual fit demand, as already applied in Taiwan (Angelier 2002) and Iceland (Angelier et al. , 2008 , with detailed explanation.
The real data dispersion is much larger than the average technical angular uncertainty of 5
• -20
• in the determination of individual focal mechanism solutions that we used. This uncertainty depends on several factors, including earthquake magnitudes as well as number and distribution of recording seismological stations. Additional uncertainty results from natural dispersion and stress perturbations in a large volume. All results displayed hereafter correspond to a single threshold value, ω acc = 0.4, meaning that individual data with ω smaller than 40 per cent are considered unacceptable. This value is consistent with the average accuracy of focal mechanism solutions. It would have been good to consider variations of ω acc as a function of the angular accuracy of each focal mechanism solution, but this information was absent for many earthquakes. Table 5 . Results of the inversions of focal mechanism solutions for the nine regional subsets. Note: Detailed explanation of the inversion method in Angelier 2002. After application of the refining process, the stage with a 40 per cent threshold value of ω is displayed for all subsets. Nz, reference number of subzone, as defined in Fig. 4 and Table 2 ; Acc, number of accepted mechanisms; Rej, number of rejected mechanisms (ω < 40 per cent). Stress axes with orientation given as trend (d) and plunge (p), in degrees. , ratio of principal stress differences as defined by Angelier (1975 Angelier ( , 1989 
Main a posteriori estimator ω m from -100 (total misfit) to 100 per cent (perfect fit), with average value and standard deviation. Auxiliary estimators τ * and α, so that ω = τ * cosα. τ * , average shear stress as percentage of maximum shear stress from 0 to 100 per cent; α, average angle between observed slip and calculated shear stress. These average estimators are calculated for all accepted nodal planes, without any choice between nodal planes.
Examining the number of rejected data for a realistic largest acceptable misfit is crucial while evaluating the quality and reliability of the inversion. A severe fit demand resulting in large data rejection would artificially provide good average misfits and small standard deviations. Thus, not only does a good result imply low average misfit indicated by high ω value, it also requires a low rejection rate. A major criterion is the stability of the results throughout the refining process: for all inversions below, the variation in orientations of stress axes and ratio , monitored while ω acc increased, was found minor, highlighting stability in the inversion.
Application to nine subzones of NE India
The results of stress inversions obtained for the nine regional subsets defined in Fig. 4 (see also Table 2 ) are listed in Table 5 and illustrated in Fig. 8 . These results are more accurate than, but generally consistent with, the probability distributions revealed by the right dihedra analysis (Fig. 7 and Table 4 ).
Confidences ellipses and azimuthal standard deviations are given in all stereoplots. For instance, in Fig. 8 , the confidence ellipses around σ 1 and the standard deviation around the related direction of compression are large for subzone 2 and small for subzone 4, which reveals high contrasts in dispersion levels. Significant differences in stress orientations occur (compare Figs 7 and 8) ; this is the case in subzones of Mishmi Thrust (3), Shillong Plateau (5) and Assam Valley (6), revealing instability as quite different stress states are mixed in these subzones located between the Himalayas and the Indo-Burma Ranges.
The focal mechanism solutions of the Eastern Himalaya domain reveal compression that trends NNW-SSE to N-S on average in subzones of Arunachal Himalaya (2) and Mishmi Thrust (3). In Bhutan Himalaya (1), this N-S compression is typically associated with E-W extension. In contrast, the Indo-Burma Ranges reveal a NE-SW average trend of compression in the three subzones. Between these two domains, the Northeast India domain shows a dominating compression that approximately trends N-S in all subzones, regardless of their position between the major mountain 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62 63 64 Figure 8 . Result of inversions to obtain the average stress tensor according to Angelier's method (2002) for the spatially defined subsets of Fig. 4 and Table 2 . Beachball map as in Fig. 4 . Stereoplots: equal-area projection, lower hemisphere. All inversions shown for a 40 per cent threshold value of ω (see text), with stress axes σ 1 , σ 2 and σ 3 as 5, 4 and 3-branch stars, respectively. Scale bar of value added in upper-right-hand corner for each stereoplot ( = 0 at base, = 1 at top). Pairs of black arrows indicating trends of compression (convergent) and extension (divergent). Confidence ellipses (60, 75 and 90 per cent) shown for each stress axis, standard deviations indicated by three levels of grey in thick arcs of circle around the trends of extension and compression, and also for the value.
belts (Shillong Plateau and Assam Valley, respectively, 5 and 6) or farther west in the Indian plate (Tripura Belt, 4).
Limitations: data heterogeneity
Despite their general consistency, the above stress determinations are not satisfactory for three reasons. First, the rejection rate is high, up to more than 50 per cent in the southern Indo-Burma region (subzone 7; compare the second and third columns in Table 5 ). Second, despite this high rejection rate, the average fit levels for the remaining acceptable data are poor. Third, most stress tensors obtained show oblique patterns with inclined axes (Fig. 8) , which often occur at depth in descending slabs but is uncommon in the horizontal, upper lithosphere. All this indicates high levels of heterogeneity in seismotectonic stress, in agreement with the conclusions of Section 3.
S T R E S S I N V E R S I O N S O F E A RT H Q UA K E M E C H A N I S M S : H O M O G E N E O U S S E I S M O T E C T O N I C R E G I M E S
Because of the unacceptable levels of heterogeneity in the determination of average stress states (Table 5 and Fig. 8) , we carried out a systematic separation using a dynamic clustering method coupled with stress inversions.
Coupled inversion and subset separation
The inversion is the same as in Section 4, but it is included in a dynamic separation process. This process, described by Angelier (1984) for another type of stress inversion, allows distinction of homogenous data subsets within heterogeneous populations. The results are listed in Table 6 and illustrated in Figs 9, 10 and 11 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 14 J. Angelier and S. Baruah Table 6 . Results of stress inversions coupled with stress separation of focal mechanism solutions for the nine regional subsets. Note: Inversion method from Angelier (2002) , included in dynamic clustering to separate stress states (Angelier 1984) . In the separation process, subsets below the 40 per cent threshold value ω acc cannot be built. Z, reference number of subzone, as defined in Fig. 4 and Table 2 ; Sbs, reference index of stress regime, as for the stereoplots of Figs 9-11. Final minimum value obtained for each subset, ω min . N, number of accepted mechanisms; U, number of unclassified mechanisms.
Other columns refer to the same parameters as in Table 3 (stress axes with orientation given as trend and plunge in degrees, ratio of principal stress differences, main a posteriori estimator ω m and auxiliary estimators τ * and α).
Figure 9.
Results of stress inversions coupled with stress separation of focal mechanism solutions for the Eastern Himalaya subsets (1 Bhutan Himalaya, 2 Arunachal Himalaya and 3 Mishmi Thrust, as defined in Fig. 4 and Table 2 ). For stereoplots, same caption as for Fig. 8 . Numerical characteristics of all determinations listed in Table 6 , with identical reference numbers of subzones and indexes of stress regimes. Table 2 ). Other explanations as for Fig. 9 . See also Table 6. for the Eastern Himalaya, Northeast India and Indo-Burma Ranges domains, respectively. Before discussing the regional aspects, it is worth pointing out that the stress cannot be reliably determined with very small numbers of earthquakes, so that after the separation process, some focal mechanism solutions remain unclassified (U-column in Table 6 ) and cannot constitute a stress-consistent subset large enough to allow reliable stress determination. One should also note that all determinations are not equally significant, with poor quality for the smallest subsets and good quality for the largest ones (e.g. 3b and 1b, respectively, in Table 6 ). Whether the remaining, unclassified mechanisms, reflect wrong determinations or significant but 'isolated' earthquakes, cannot be decided based on the present stress analysis but requires seismological re-examination of the data. In Figs 9-11, these unclassified mechanisms are shown as separate beachballs on the right of the stereoplots that illustrate the identified stress states.
Eastern Himalayas
Regarding the regional subsets of Eastern Himalayas (Fig. 9) , the level of stress heterogeneity remains moderate. Only one or two stress states were returned by the separation process. The direction of compression does not significantly vary, N165
• E ( ± 16 • ) on average.
In the subzone of Bhutan Himalaya (1), the low ratio favours permutation between σ 2 and σ 3 , consistent with the shape of confidence ellipses forming a girdle perpendicular to σ 1 (Fig. 9 , stereoplot 1a). This relationship suggests that N-S compression and E-W extension are closely linked and reveals stress variation from south (where compression prevails near the Himalayan Front) to north (where extension dominates in the Tibet Plateau), as indicated by the geographical distribution of focal mechanism solutions in Bhutan Himalaya (Fig. 9, subzone 1) .
In the subzone of Mishmi Thrust (3), N-S compression and N-S extension coexist (Fig. 9 , stereoplots 3a and 3b, respectively), which reflects another type of stress permutation between extreme stress axes σ 1 and σ 3 . The central subzone of Arunachal Himalaya (2) allowed determination of a single type of stress, but earthquake data are absent in the northern part, and two unclassified mechanisms are compatible with the extensional states of stress identified in adjacent subzones. Other unclassified mechanisms correspond to mechanisms with attitudes or senses of motion incompatible with identified stress states, which may result from the existence of local stress perturbations-permutations or erroneous seismological determinations.
Northeast India
In the intraplate domain of Northeast India, two distinct states of stress are required to explain the focal mechanism solutions in each subzone (Fig. 10) .
In the subzone of Tripura Belt (4), the two compressive stress regimes do not markedly differ, with a difference of only 27
• between their trends of σ 1 , approximately N-S and NNE-SSW (stereoplots 4a and 4b in Fig. 10 ). In each of the other two subzones of Figure 11 . Results of stress inversions coupled with stress separation of focal mechanism solutions for the Indo-Burma Range subsets (7 southern Indo-Burma region, 8 eastern Indo-Burma region and 9 Sagaing Fault region; see Fig. 4 and Table 2 ). Other explanations as for Fig. 9 . See also Table 6 . Shillong Plateau (5) and Assam Valley (6), two contrasting states of stress are reconstructed, with a N-S compression in both cases (stereoplots 5a and 6a, similar to 4a) and a nearly E-W compression with high and low values of consistent with different girdle distributions of confidence ellipses (σ 2 -σ 3 around σ 1 and σ 1 -σ 2 around σ 3 : stereoplots 5b and 6b, respectively).
The contrasts between reconstructed stress regimes reveal more complexity of the population of focal mechanism solutions in Northeast India than in Eastern Himalayas. This is not surprising considering the position of Northeast India between two major mountain belt domains, where different seismotectonic regimes prevail. Unclassified mechanisms deserve similar interpretation as before and also include mechanisms compatible with a stress state identified in an adjacent subzone. This may suggest gradual spatial change in seismotectonic stresses, a property that cannot be checked because of the large spatial dispersion of earthquakes.
Indo-Burma ranges
The most complex distribution of stress states was found in the Indo-Burma Ranges (Fig. 11) . To explain the distribution of focal mechanism solutions within reasonable fit levels, three stress regimes are needed in the southern and eastern Indo-Burma regions of the arc (sub-zones 7 and 8, Fig. 11 ). In contrast, as Fig. 10 shows, two stress regimes account for the seismotectonic behaviour of the foreland domains like the Tripura Belt (sub-zone 4) and the Assam Valley (6).
The simplest separation was done in the southeastern subzone (Sagaing Fault region, 9), which shows the smallest density and variety of focal mechanism solutions. Two major stress regimes occur there, with N-S and NE-SW trends of compression (Fig. 11 , stereoplots 9a and 9b, respectively). In both cases, relatively low values of favour permutations between σ 2 and σ 3 , as shown by the girdle distribution of the related confidence ellipses (contrasting with the small size and rounded shape of confidence ellipses around σ 1 axes).
Three states of stress were determined in the southern and eastern subdomains of the Indo-Burma region (subzones 7 and 8, respectively, closer to the mountain front of the Indo-Burma Ranges than subzone 9). However, some geometrical relationships suggest close linkage between at least two of these stress states. In the eastern Indo-Burma region (8), a permutation between all stress axes may account for the difference between stereoplots 8a and 8c (Fig. 11) , with low and high values of that account for the girdle distributions of axes σ 2 -σ 3 and σ 1 -σ 2 around tightly constrained axes σ 1 and σ 3 (respectively). The other subset, 8b, reveals a quite different stress state with N-S compression. In the southern IndoBurma region (7), E-W compression is characterized by a tightly constrained σ 1 axis, with easy permutation between the other two axes, consistent with low ratio and distribution of confidence ellipses for σ 2 and σ 3 (stereoplot 7b in Fig. 11 ). Despite intermediate values of (revealing triaxial stress with similar differences σ 1 -σ 2 and σ 2 -σ 3 ), the other two stress states may be related through a permutation between σ 1 and σ 2 (stereoplots 7a and 7c in Fig.  11 ). Their directions of extension, close to E-W, can be considered as similar, although the trends of σ 3 axes differ by 27
• , because the confidence ellipses are rather large. As strike-slip and reverse mechanisms dominate, these two states of stress reflect N-S compression rather than E-W extension. Many unclassified mechanisms can again be explained either by a stress state of an adjacent subzone or by limited rotations that may result from simple uncertainties in the original determinations.
Multiple stress regimes in Northeast India
The inversion of focal mechanism solutions of earthquakes collected during 57 yr thus reveals multiple but consistent stress states in Northeast India, a large area (nearly 1.5 × 10 6 km 2 ) with high structural diversity (Fig. 2) . Because higher levels of heterogeneity could be expected considering the large size of subzones, it is re- markable that within a reasonable range of uncertainties, 1-3 states of stress suffice to explain the data in each subzone. Moreover, a comparison between the plunges of stress axes in Fig. 8 (Table 5) and Figs 9-11 (Table 6) shows that a higher proportion of significant plunges are close to horizontal or vertical in the second case, as can be expected in the upper lithosphere. The ratio plays an important role in this geometrical evaluation, because for two principal stresses nearly equal (σ 1 and σ 2 for close to 1, or σ 2 and σ 3 for close to 0), the orientations of the corresponding two axes have little significance. Typical examples of this 'tensor shape effect' occur in steroplots 4b and 5a of Fig. 9 (nearly horizontal σ 1 with low ) and steroplot 8c of Fig. 9 (horizontal σ 3 with high ) .
S E I S M O T E C T O N I C R E G I M E S A S A F U N C T I O N O F D E P T H : S U B D U C T I O N B E N E AT H I N D O -B U R M A R A N G E S
Why does significant compression occur in the northern, NE-SW trending segment of the Indo-Burma Ranges (Fig. 11) ? The southward movement of the Sunda plate with respect to India should involve opening across the northern Indo-Burma Ranges, not contraction. Not only do compressive focal mechanisms of earthquakes prevail in this belt segment of the northern Indo-Burma Ranges (sub-zone 8 in Table 6 and Fig. 11 ), but also the presence of recent folds and thrusts implies belt-perpendicular contraction in addition to right-lateral strike-slip. Another major feature is the presence of a descending slab of Indian lithosphere beneath the Burmese arc as an onshore extension of the Andaman subduction zone. Before examining the relationships between seismotectonic stresses and plate kinematics, it is necessary to analyse the distribution of earthquake mechanisms and related stress regimes as a function of depth in the entire domain of the Indo-Burma Ranges (Fig. 12) .
In the stress reconstructions of the previous sections, no separation according to depth was shown because all earthquakes used have occurred in the upper lithosphere, and differences as a function of depth were not paramount. Earthquakes deeper than 90 km 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 only occur beneath the Indo-Burma Ranges, with depths down to 160 km (Fig. 3c) . We consequently examined how mechanisms vary as a function of depth in a quadrangle from 20
• N to 27
• N in latitude and 92
• E to 98
• E in longitude (Fig. 12) . The focal mechanism solutions located near the northwest corner were discarded because they do not belong to the Indo-Burma Ranges; two earthquakes deeper then 90 km were thus ignored. We then separated three depth ranges: 0-45; 45-90 and 90-160 km. The earthquakes shallower than 45 km show large dispersion of epicentres (Fig. 12a) . For deeper earthquakes, a simple comparison between epicentre distributions in maps highlights the eastward deepening, consistent with the eastward dip and southward development of the subduction zone (cf .Figs 12b and c) .
The pressure-tension distribution for each entire subset reveals trends of compressions around N-S (NNW-SSE to NNE-SSW, see the right dihedra stereoplots in Fig. 12 ). The maximum probability obtained for pressure and tension remarkably increases with depth, from 61 per cent on average for earthquakes shallower than 45 km to 92 per cent for earthquakes deeper than 90 km (see the caption of Fig. 12 ). In terms of stress, this variation reveals a typical transition from heterogeneity in the upper lithosphere (for shallow earthquakes, in agreement with the results presented in Table 6 and Fig. 11 ) to relative homogeneity at larger depths.
The stress inversion has been done for the three depth-based subsets of Fig. 12 . In each case, the refining process allows determination of a stress regime using reasonable threshold values (ω acc = 45-50 per cent). The dominating stress regime varies with depth, from ENE-WSW compression above 45 km depth to NNE-SSW compression for earthquakes deeper than 45 km. The proportion of acceptable mechanisms increases with depth, from 49 to 79 per cent. A single stress regime, thus, accounts for earthquakes deeper than 90 km, which is not the case at shallow depths. As the NNE-SSW compression is poorly represented in the upper lithosphere (Fig. 12a) whereas it is the single major regime at depth (Fig. 12c) , a plausible origin of this compression beneath the IndoBurma Ranges is the pressure exerted on the dipping slab by both its eastward-concave bending that induces arc-parallel contraction in the lithosphere and the regional N-S compression. Note: Three major seismotectonic stress regimes are numbered I, II and III. Regime I is related to India-Eurasia convergence. Regime II is related to convergence between outer Indo-Burma Ranges and Indian plate. Regime III is related to convergence between Sunda plate and inner Indo-Burma Ranges and possibly to lateral escape of Shillong block and plate interaction near Assam Syntaxis. Exponents between parentheses refer to subregimes resulting from permutations between σ 2 and σ 3 ( 1 ) or σ 1 and σ 3 ( 2 ), or indicate compression involving deep earthquakes ( * ) beneath the Indo-Burma Ranges (Fig. 12) . Subzones have the same reference numbers as before. N, number of focal mechanism solutions; Az, weighted average azimuth of compression or extension (according to stress state), in degrees; , weighted average ratio of principal stress differences; Type, dominating type of focal mechanism solutions (r reverse, ss strike-slip, n normal).
D I S C U S S I O N A N D C O N C L U S I O N S
Synthesis of palaeostress results
The nine subzones analysed in Sections 3-5 of this paper were designed as a function of the pattern of major structural units and the need for a sufficient number of focal mechanism solutions in stress inversion (Section 4) and inversion-separation (Section 5).
Had the subzones been more numerous and hence smaller, some stress states would not have been reliably defined. Had these subzones been larger, significant variations in seismotectonic stress along and across major structural units would have been ignored. The stress variation with depth in the Indo-Burma Ranges was also considered (Section 6). Table 7 and Fig. 13 provide a synthetic view of our stress results for comparison with the present-day kinematic data in a further subsection. The N-S compression is represented in all subzones except the Sagaing Fault Region (9). It corresponds to the largest mechanically homogeneous subset in each major domain (Eastern Himalayas, Northeast India and Indo-Burma Ranges). This N-S compression, I in Table 7 , is related to the N-S convergence between India and Eurasia, although it may also locally result from the eastward concave bending of the northern Indo-Burma arc, as pointed out in Section 6. The largest fault structures related to this N-S compression are the MCT and MBT in Eastern Himalaya, but also the Dauki Fault and the Brahmaputra Fault that bound the Shillong Plateau pop-up structure in the northeast Indian plate (Fig. 13a) .
From an analysis of borehole breakouts and focal mechanism solutions, Gowd et al. (1992) found a NNE-SSW (N23
• E) compression. The 25
• deviation from the σ 1 trend that we obtained (N2
• W ± 14 • , Table 7 ) is partly explained by the larger size of their study area and a lower data density. In addition, we identify a distinct, NE-SW compression in the Indo-Burma Ranges, which they included in their azimuthal average. The single-event focal mechanism solutions in the World Stress Map are consistent with N-S compression along the Himalayan Front in Northeast India and E-W extension in the Tibetan Plateau (Heidbach et al. 2005 (Heidbach et al. , 2007 . The World Stress Map also indicates that the N-S compression Table 5 and Fig. 8 ). Large arrows (black for compression, grey for extension) refer to final determinations (from Tables 6 and 7 and Figs 9-11). Four types of seismotectonic stress regimes account for 85 per cent of our total data set: (a) major N-S compression related to India-Eurasia convergence; (b) subsidiary extensional regimes related to India-Eurasia convergence, also N-S compression indicated by deepest earthquakes below Indo-Burma Ranges (Fig. 12) . (a) and (b) are referred to as regime I (N-S compression) in Table 7 . (c) E-W compression related to convergence between outer Indo-Burma Ranges and Indian plate, and subsidiary arc-perpendicular extension in Burmese arc, referred to as regime II in Table 7 . (d) NE-SW compression related to convergence between Sunda plate and inner Indo-Burma Ranges and plate convergence interaction near the Assam Syntaxis, referred to as regime III in Table 7 . Some major structures activated by the main compressive stress regimes are added (see Fig. 2 extends to the south into the Shillong Massif and the Bengal Basin regions, in agreement with our results (Fig. 13a) .
Not only does this stress regime of N-S compression dominate, it is also closely related to particular subregimes (Fig. 13b) such as E-W extension (through permutation between σ 1 and σ 2 , compare 1a and 1b in Fig. 9 ) and N-S extension (permutation between σ 1 and σ 3 , compare 3a and 3b in Fig. 9 ). The first type of permutation is related to transition from reverse and strike-slip faulting to normal faulting (Angelier & Bergerat 1983; Hu & Angelier 2004) . The Q8 second type of permutation involves belt-perpendicular dilation in arcs, where slab pull and upward-convex bending occur, and mountain belts experiencing deviatoric stress of gravitational origin. The deepest earthquakes beneath the Indo-Burma Ranges also reveal N-S compression (Fig. 12 and Fig. 13b ), related to SE-concave horizontal bending of the slab and not resulting from India-Eurasia convergence in a direct way.
In Northeast India and Indo-Indo-Burma Ranges, E-W compression occurs in four sub sub-zones (5, 6, 7 and 9, Fig. 13c ). This compression, II in Table 7 , is absent in the Eastern Himalayas. It results from the convergence across the front zones and foreland of the Indo-Indo-Burma Ranges. The largest fault structures activated by this compression are the front of the Tripura Belt, the thrusts of the outer Burmese arc and the Eastern Boundary Thrust in the Indo-Indo-Burma Ranges (Fig. 13c) . As discussed later, the E-W compression in the sub sub-zones of Shillong Plateau (4) and Assam Valley (6) could well be related to the eastward lateral extrusion of a block of Indian lithosphere.
The nearly E-W extension in sub sub-zones 7 and 8 of the Burmese arc (Fig. 13c) is a probable expression of beltperpendicular dilation (inducing permutation between σ 1 and σ 3 ), as a result of underlying slab pull-retreat and upward-convex bending in the subducting plate. Local relation to the widespread N-S compression (through σ 1 -σ 2 permutation as in Bhutan Himalaya) cannot be excluded. However, the clockwise change in the direction of extension from south to north along the Indo-Burma Ranges (ENE-WSW in subzone 7, ESE-WNW in subzone 8: Fig. 13c ) accompanies the change in arc trend. Moreover, among the 27 normal-type earthquakes indicating E-W extension, 13 are located at depths larger than 60 km. The E-W extension in the outer IndoBurma Ranges is consequently attributed to regime II in Table 7 and reflects subduction-related, arc-perpendicular extension within the frame of arc-foreland convergence in a nearly E-W direction.
A NE-SW compression (Fig. 13d) is clearly identified in the northern Indo-Burma Ranges (eastern Indo-Burma region, 8, and Sagaing Fault region, 9) and locally in their Indian plate foreland (Tripura Belt, 4) . This regime, III in Table 7 , involves belt-parallel compression in the NE-SW trending segment of the northernmost Indo-Burma Ranges (eastern Indo-Burma region, 8). This compression also affects the Indian foreland close to the major structural bend of the Indo-Burma Ranges (northern portion of Tripura Belt, 4), as well as their inner zones (northern half of Sagaing Fault region, 9). The NE-SW compression results from plate convergence interaction between Eurasia, India, Burma and Sunda. It is consistent with the presence of major right-lateral strike-slip that trend N-S east of the Myanmar Central Basins, especially, the Sagaing Fault; it is also consistent with the Mishmi and Lohit thrusts of the Assam Syntaxis (Fig. 13d) . Gowd et al. (1992) identified E-W compression and N0-30
Comparison with other sources and methodological insights
• E compression from borehole breakouts and focal mechanism solutions.
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The World Stress Map also indicates E-W compression from single event focal mechanisms solutions in the foreland of the Indo-Burma Ranges between the Tripura Belt and the Shillong Massif, compatible with borehole breakouts in the Bengal Basin (Heidbach et al. 2005 (Heidbach et al. , 2007 . Also, the N26
• E azimuth of maximum stress determined by Gahalaut & Gahalaut (2007) based on stress inversion of focal mechanism solutions of earthquakes is partly compatible with some trends of σ 1 that we determined in the Tripura Belt and the southern and eastern Indo-Burma region (sub-zones 4, 7 and 8; Table 5 and Fig. 8 ).
Stress inversion indicated that within the range of uncertainties in focal mechanism determinations, the stress regimes are inhomogeneous. The N26
• E compression probably results from averaging between two or three mixed stress regimes with different trends of compression (Fig. 13) . Reliable determination of seismotectonic stress requires (1) inversion of as many focal mechanism solutions as possible instead of consideration of single-event data and (2) where geodynamic setting is complex, separation of two or more stress states compatible with reasonable fit levels that depend on technical data uncertainties and natural dispersion.
The seismotectonic regimes in the studied area involve three major compressions, including subsidiary states of stress resulting from permutations between principal axes (Table 7) . The regime I related to India-Eurasia convergence is widespread and documented by 134 focal mechanism solutions, that is 47 per cent of the data (including 25 per cent for typical N-S compression between and inside convergent plates, 9 per cent for subsidiary extensions and 13 per cent for intraslab deformation at depth). The regime II related to outer Burmese arc-India convergence and partly to possible extrusion of the Shillong block is consistent with 65 focal mechanism solutions (23 per cent of the data including 13 per cent for typical E-W compression in Northeast India and Indo-Burma Ranges and 10 per cent for subsidiary E-W extension in the outer Burmese arc). The regime III, as revealed by 15 per cent of the data, results from plate interaction in the Assam Syntaxis area and the eastern Indo-Burma Ranges. The remaining 15 per cent of the data (44 unclassified focal mechanism solutions shown as beachballs in Figs 9, 10, 11) correspond to three situations: (1) solutions poorly represented in the subzone considered but compatible with a stress regime present in an adjacent subzone; (2) local stress situations without regional significance and (3) possible presence of wrong focal mechanism solutions.
Relation to plate kinematics: partitioning across the Indo-Burma Ranges
Discussing the plate kinematics in terms of poles of rotation and geodetic data is beyond the scope of this paper. To present the major kinematic features in a simple way (Fig. 14) , we rely on many recent analyses, which in the first approximation reveal a general kinematic agreement in the study area (Bilham & Gaur 2000 , Jouanne et al. 2004 , Socquet et al. 2006 , Gahalaut & Gahalaut 2007 , Jade et al. 2007 . For details, the reader is referred to these published analyses, in which the GPS stations and their displacement vectors are listed.
According to Socquet et al. (2006) , the motion of the Sunda Plate with respect to India is about 35 mm yr -1 in the SSW direction in Myanmar near latitude 22
• N. In the same region, Gahalaut & Gahalaut (2007) calculated the motion of the Sunda plate relative to the Burma backarc domain and the motion of this backarc domain relative to India. Their determinations resemble the previous ones in terms of rates but differ in terms of directions. Assuming that the present-day displacement between Burma and India is compatible with the recent fold-and-thrust structure in the northernmost segment of the Burmese arc, the velocity vectors from Socquet et al. (2006) show better compatibility with the tectonic framework in the studied area.
In any case, taken alone a SSW-or SW-directed displacement of Burma with respect to India hardly explains the belt perpendicular contraction across the NE-SW trending northern segment of the Indo-Burma Ranges. The regional kinematics also imply decoupling across Indo-Burma Ranges, especially along N-S trending right-lateral strike-slip faults, such as the Sagaing Fault (between Sunda Plate and backarc domain) and the Kabaw Fault (between backarc domain and Burma arc). We infer that between the IndoBurma Ranges and Northeast India, partitioning occurs and involves a large difference in azimuth between thrust-type contraction at range front and right-lateral transpression in the innermost domains of the arc.
To illustrate the kinematics of the studied region, we adopted a reference frame attached to Lhasa, Tibet (velocities as large open arrows in Fig. 14) . Northeast India shows a northward displacement of 14-15 mm yr -1 with respect to Lhasa (arrow 3 in Fig. 14) , according to GPS measurements over nearly 10 yr (Jouanne et al. 2004 , see also Jade et al. 2007) . Adopting the displacement of India with respect to Sunda indicated by Socquet et al. (2006) , one determines an average velocity of about 22-23 mm yr -1 toward the southwest for the western edge of the Sunda plate near 22
• N, on the eastern side of the Sagaing Fault (arrow 1 in Fig. 14) , also with respect to Lhasa. In the same kinematic frame, the average velocity at the same latitude in the western Myanmar Central Basins of the Burma Plate, east of the Kabaw Fault, is about 12 mm yr -1 toward the NW (arrow 2 in Fig. 14) . The difference between these two velocity vectors, 1 and 2, is about 24 mm yr -1 toward the SSW, revealing a large N-S component of belt-parallel slip, nearly 24 mm yr -1 in dextral sense and a smaller E-W component of belt-perpendicular shortening, about 6 mm yr -1 (arrows b, c and d in Central Myanmar, Fig. 14) . Whereas the E-W component indicates limited shortening across Central Myanmar, most of the N-S component is the expression of right-lateral slip of the Sagaing Fault, as evidenced from GPS near this fault (Vigny et al. 2003) .
The comparison between the displacement of the Myanmar Central Basins and that of the Bengal Basin in eastern India (arrows 2 and 3 respectively in Fig. 14) shows a different pattern of relative displacement. The difference vector, about 11 mm yr -1 toward the SW, reveals a N-S component of belt-parallel slip, about 6 mm yr -1 in dextral sense, smaller than the E-W component of belt-perpendicular shortening, about 9 mm yr -1 (arrows b, c and d in western Indo-Burma Ranges and Tripura Belt, Fig. 14) . Although the distribution of present-day displacements is still poorly documented because permanent GPS stations are few, this comparison reveals partitioning across the Indo-Burma Ranges. In the inner belt, dextral strike-slip in the N-S direction prevails, mainly accommodated along the Sagaing Fault. In the outer belt, dextral strike-slip is less and across-belt shortening dominates. Combining velocity vectors 1 and 3 in Fig. 14, one obtains a velocity of about 35 mm yr -1 in the S28
• W direction, that is, the SSW-directed motion of the western edge of the Sunda Plate with respect to India near 22
• N. Most of the belt-parallel right-lateral slip is probably accommodated between the Sagaing Fault (inclusively) and the western edge of the Myanmar Central Basins, whereas belt-perpendicular shortening predominates in the outer Indo-Burma Ranges and the Bengal Basin foreland belt (compare in Fig. 14 the components c and d of the two relative velocities b). This expected distribution would account for the fan-shaped distribution of folds in the Tripura Belt, with N-S axes to the east and NNW-SSE ones to the west. In contrast with the N-S trends of the inner belt, inherited from earlier tectonic events, the most recent folds and reverse faults, close to the Bengal Basin, probably tend to develop perpendicular to ENE-WSW shortening that prevails in this foreland region of the Burmese Arc. The present-day velocity distribution across the arc is thus in agreement with the probable recent tectonic evolution in the belt front zone.
Kinematics of the Shillong-Mikir-Assam Valley block
Regarding the displacement of India with respect to Tibet (arrow 3 in Fig. 14) , the geological evidence of N-S shortening across the Shillong Plateau and the front thrusts of the Himalayas, supported by the existence of large earthquakes such as the Great Assam earthquake of 1897, apparently conflicts with the recent GPS data. These data revealed the absence of N-S deformation between the southern Shillong Plateau and the Brahmaputra Valley (Jade et al. 2007) . For this reason, Fig. 14 shows identical velocity for 3 (Bengal Basin) and 4 (Shillong Plateau and Assam Valley) in the Lhasa-attached frame. This apparent contradiction indicates that the northeastern portion of the Indian Plate, instead of being stable or subject to aseismic creep, is in a temporary locked situation. Whereas the instantaneous velocities with respect to Tibet are almost identical for the Indian craton and the block including the Shillong-Mikir massifs and the Assam Valley, over a medium-term time range (e.g. the Late Pleistocene-Holocene), we propose a significantly lower velocity for this block with respect to Tibet (arrow e, without scale, in Fig. 4 ).
This conclusion is consistent with the convincing interpretation of the Shillong Plateau as a giant pop-up structure presented by Bilham & England (2001) . Most of the shortening between Indian craton and the Shillong block is expected to occur on the reverse Dauki Fault. This kinematic behaviour of the Shillong block in the broad sense (including Mikir Plateau and Assam Valley) is consistent with the dominating N-S compression revealed by our inversions of focal mechanism solutions in the Shillong Plateau (5) and Assam Valley (6) subzones (Fig. 13a) . However, our inversions also revealed significant E-W compression in the same subzones (Fig. 13c) , and some focal mechanisms involve a possible component of right-lateral strike-slip on the major E-W block-bounding faults. In addition to separation from India across major reverse faults, eastward extrusion of the entire Shillong-Mikir-Assam Valley block towards the Assam Syntaxis, at the northeast corner of the Indian plate, deserves consideration. The relative importance of N-S contraction and eastward escape is unknown (a minor strikeslip component is assumed in Fig. 14) , as a target for seismotectonic studies along and around the Dauki Fault.
Consistency between seismotectonic stress and kinematics
Although the present-day pattern of regional stresses reconstructed based on the inversion of focal mechanism solutions of earthquakes ( Fig. 13) and the kinematic reconstruction supported by consideration of regional structure and geodetic data (Fig. 14) radically differ in nature and origin, their comparison reveals high levels of consistency.
The widespread N-S compressive stress (Fig. 13a ) is perfectly consistent with the northward displacement of India with respect to Tibet (Fig. 14) . This compression is clearly evidenced by focal mechanism solutions of relatively large earthquakes inside the north-eastern portion of the Indian plate, including the Bengal Basin, the Shillong-Mikir Massif and the Assam Valley (sub-zones 4-5-6 in Fig. 13a ), in excellent agreement with the N-S shortening between these regions and the Indian craton (arrows 4 in Fig. 14) .
The northeastern corner of the Indian plate also undergoes significant E-W compression (subzones 5-6 in Fig. 13c ), suggesting eastward extrusion of a Shillong-Mikir-Assam Valley block and shortening in the E-W direction with respect to the northern IndoBurma Ranges. Considered alone, the SW-directed motion of the so-called Burma plate with respect to India (Fig. 14, grey arrow between 2 and 3) would fail to account for the occurrence of compression in both the N-S and E-W directions in the upper Assam Valley (Fig. 13 a and b respectively, subzones 5 and 6). The hypothesis of block extrusion provides solution of this kinematic problem and well accounts for the regional stress distribution.
As a particular subduction-related feature, the N-S compression that affects the outer zones of the Indo-Burma Ranges in the southern and eastern regions (subzones 7 and 8, respectively; Fig. 13a ) is principally related to earthquakes at depth, in the descending slab of the Indian lithosphere. It reflects arc-parallel shortening in the slab, related to the increasing bending of the northernmost Burmese arc. Thus, its relation to the India-Eurasia convergence is not direct, although the N-S convergence certainly favours horizontal bending in the northern Burmese arc.
Compared with the effects of the India-Eurasia collision in the Himlayas, the stress and velocity patterns in the Indo-Burma Ranges reveal higher levels of complexity. Two aspects-the occurrence of N-S compression at depth in and around the descending slab and the existence of arc-perpendicular extension indicated by shallower earthquakes (Fig. 13c, subzones 7 and 8) -are related to the subduction of the Indian plate beneath Burma. The first aspect is discussed above; the second aspect is a classical feature in many arcs above subduction zones.
The remaining stress states in the Indo-Burma Ranges, which are major, reveal a NE-SW trending compression that affects the northeastern segment and inner zones of the Burmese arc (Fig. 13d) , turning to an E-W compression in the southern segment and outer zones (Fig. 13c) . Both these directions of compression are present in the southeastern region that belongs to the Burma and Sunda plates. This distribution of maximum stress indicated by earthquake focal mechanism solutions is consistent with the distribution of relative displacement across the Indo-Burma Ranges, showing an evolution from SSW trends in the inner zones to WSW ones in the outer zones (Fig. 14b, arrows b) . A clockwise change of about 45
• thus affects both the maximum compressive stress and the displacement, in agreement with the interpretation in terms of stress-strain partitioning across the Indo-Burma Ranges. Also consistent with partitioning, the direction of maximum stress shows systematic clockwise deviation compared with the direction of relative displacement (NNE-SSW displacement and NE-SW maximum stress in the inner domains; ENE-WSW displacement and E-W maximum stress in the outer ones).
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